Deleya sulina sp. nov., which was isolated from hypersaline habitats, is described. Our description is based on 26 strains that exhibit high levels of phenotypic similarity (simple matching coefficient, >74%) and DNA-DNA homology (>71%). The organisms are moderately halophilic gram-negative rods; growth occurs at salt concentrations between 2.5 and 20% (wt/vol) (optimal growth occurs at a salt concentration of 5% [wt/vol]). D. salina is aerobic, nonmotile, and catalase and oxidase positive. The cells accumulate poly-phydroxybutyrate, and the G+C contents of the DNAs range from 60.4 to 64.2 mol%. The type strain is strain FS-11 (= ATCC 49509).
Halophilic microorganisms grow optimally at high salt concentrations, and their natural habitats are saline environments, such as seawater, saline lakes, salterns, and saline soils. Most halophilic eubacteria that grow best at NaCl concentrations between 1 and 2 M are referred to as moderate halophiles (12) , and this group includes a great variety of morphological and physiological types that belong to very distinct taxonomic groups.
In a previous paper we reported that the moderately halophilic, nonmotile, gram-negative , rod-shaped bacteria represent a minor proportion of the microbiota in natural hypersaline habitats (22) . We described two groups of aerobic rods (differentiated into two phena, phena A and B, by numerical analysis) that were not phenotypically related to the moderately halophilic valid species. Recently, we described 16 of those moderately halophilic strains (included in phenon B) as Volcaniella eurihalina (21) . The purposes of this work were to study in more detail the moderately halophilic strains included in phenon A and to compare them with both halophilic and nonhalophilic gram-negative rods. On the basis of phenotypic and genotypic characteristics, as well as salt requirements, we propose that these isolates should be included in a new species of the genus Deleya, Deleya salina.
MATERIALS AND METHODS
Bacterial strains and culture media. The strains used in this study were 26 moderately halophilic, gram-negative, nonmotile, rod-shaped bacteria that were isolated from different saline habitats, including saline soils located near Alicante, Spain (15 strains), a solar saltern at Santa Pola, Alicante, Spain (3 strains), inland salty ponds located in La Mala, Granada, Spain (1 strain), an estuary saltern at Huelva, Spain (4 strains), and the Mediterranean Sea off the coast of southeast Spain (3 strains). Descriptions of the saline habitats and their environmental parameters, as well as the methods used for sampling and isolation of the strains, have been given previously (20, 23) .
The following nonhalophilic and halophilic gram-negative microorganisms were used as reference strains: Acinetobacter calcoaceticus CCM 5581, Alcaligenes faecalis CCM * Corresponding author.
1052T (T = type strain), Alteromonas luteoviolacea ATCC 33492T, Chromohalobacter marismortui ATCC 17056T, Deleya aquamarina NCMB 1980, Deleya cupida NCMB 197flT, Deleya halophila CCM 3662T, Deleya marina ATCC 25374T, Deleya pacijica NCMB 1977T, Deleya venusta NCMB 1979T, Flavobacterium meningosepticum CCM 2719T, Halomonas elongata ATCC 33173T, Halomonas halmophila CCM 2833T, "Pseudomonas halosaccharolytica" CCM 2581, Pseudomonus putida CCM 1977T, Vibrio alginolyticus CECT 521T, Vibrio costicola NCMB 701T, Vibrio natriegens CECT 526T, and Volcaniella eurihalina ATCC 49336T (quotation marks indicate that the name was not included on the Approved Lists of Bacterial Names or its supplements [16, 271) .
MH complex medium was used as the maintenance medium for halophilic strains. This medium contained (per liter) 10 g of yeast extract (Difco Laboratories, Detroit, Mich.), 5 g of Proteose Peptone no. 3 (Difco), and 1 g of glucose (23) ; it was supplemented with a balanced mixture of sea salts (25) to give adequate salt concentrations for growth of marine and moderately halophilic strains (3 and 7.5% [wt/vol], respectively), and it was solified with 20 g of Bacto-Agar (Difco) per liter after the pH was adjusted to 7.2 with 1 N NaOH. Nonhalophilic strains were maintained on Trypticase soy agar (Difco).
Numerical analysis of phenotypic features. The results of our phenotypic characterization of the isolates (22) and the reference strains used in this study were scored in a binary form (0, negative; 1, positive; 9, missing or incomplete data). Levels of similarity were calculated by using the simple matching coefficient (29) ; cluster analysis by the unweighted average pair group method of association was performed by using the MINT program (26) and an Eclipse model MV/ 10000 computer at the Computer Center, University of Granada, Granada, Spain. A cophenetic value was also obtained. The test error was evaluated by examining five strains in duplicate (28) .
Growth studies. The colonial morphology and pigmentation of strain F8-llT, which was chosen as a representative of the group, were observed in mid-log cultures (20 h ) and old cultures (3 days) grown on solid MH medium supplemented with 7.5% (wt/vol) salts.
The optimal salt concentrations for growth of strain F8-llT were determined at different incubation temperatures. The strain was cultured in MH medium containing the following concentrations of salt: 0,0.5,2.5,5,7. and 25% (wthol). Each 50-ml medium batch was inoculated with 0.1 ml (ca. lo5 cells per ml) from an appropriate dilution of a 20-h culture of the microorganism grown in MH medium containing 7.5% (wthol) salts. The cultures were incubated at 22, 32, or 42°C in a rotatory shaker. By using the method of Milles and Misra (15) , viable counts were determined from plate counts on solid MH medium at the appropriate salt concentration. Experiments were performed in triplicate.
Electron microscopy. Transmission electron microscopy and scanning electron microscopy were used for morphological studies of strain F8-11T grown for 20 h on the surface of MH agar plates covered with MH liquid medium; three different salt concentrations (2.5, 7.5, and 20% [wt/vol]) were used in order to determine whether morphological changes occurred in response to levels of external salinity. The influence of incubation time was also studied. Cells for transmission electron microscopy were stained with phosphotungstic acid (2%, wthol), and observed by using a Zeiss model EM 902 transmission electron microscope. Samples for scanning electron microscopy were fixed in 2% (wthol) glutaraldehyde (pH 7.2), dehydrated in an acetone series, critical point dried, coated with gold, and scanned in a Zeiss model DSM 950 scanning electron microscope.
DNA extraction and purification. DNAs were extracted by using the method of Marmur (13) from cells of representative strains grown in MH medium containing 7.5% (wthol) salts for 20 h. The purity of the DNA was assessed by using the method of Johnson (11) .
DNA base composition. The average G+C content was determined from the midpoint of the thermal denaturation profile (14) obtained with a model UV-Vis 551s spectrophotometer (The Perkin-Elmer Corp., Norwalk, Conn.). The G + C content was calculated by using the equation of Owen and Hill (18) and 51 mol% as the reference value for the DNA of Escherichia coli NCTC 9001 (19) .
Preparation of labeled DNA. DNA was labeled by using the multiprime system, a commercial kit (kit RPN 1601Y; Amersham International, Amersham, England), and [1',2',5-3H]dCTP (Amersham). The labeled DNA was heated at 100°C and placed on ice to denature it before hybridization.
DNA-DNA relatedness analysis. DNA-DNA hybridization experiments were conducted by using the competition procedure of the membrane method described by Johnson (11) . Competitor DNAs were sonicated (Braun Melsungen, Melsungen, Germany) at 50 W for two 1 5 s bursts. Membrane filters (type HAHY; Millipore Corp., Bedford, Mass.) containing reference DNA (ca. 25 pg/cm2) were placed in 5-ml screw-cap vials which contained the labeled, sheared, denatured DNA and the denatured, sheared competitor DNA. The ratio of the concentration of competitor DNA to the Growth at a salt concn of 0.5% (wthol) 25% (wt/vol) 30% (wthol) Growth at pH 5 Growth at 5°C
Growth at 45°C Acid production from: " All strains were gram-negative, nonmotile, encapsulated rods, had polyp-hydroxybutyrate inclusions, formed catalase and oxidase, and were aerobic with a respiratory type of metabolism. They grew at salt concentrations between 2.5 and 20% (wthol), at pH 6, 7, 8, 9, and 10, and at 15, 20, 25, 30, 37, and 40°C. No strain produced pyocyanine or fluorescein, or produced acid from L-arabinose, D-cellobiose, maltose, salicin, or xylose. No strain formed indole, was methyl red or Voges-Proskauer positive, hydrolyzed casein or starch, or grew on benzoate or caprylate as a sole source of carbon and energy. All strains reduced selenite, hydrolyzed urea, grew on D-fructose as a sole source of carbon and energy, and were not capable of respiration on fumarate. All strains were negative for arginine, lysine, and ornithine decarboxylases. All strains were susceptible to ampicillin (100 pg), carbenicillin (100 pg), chloramphenicol (30 pg), colistin (50 pg), erythromycin (15 pg in 2 X SSC at the optimal renaturation temperature. The radioactivity bound to the filters was measured with a liquid scintillation counter (Beckman Instruments, Inc., Palo Alto, Calif.), and the percentage of homology was calculated by using the method of Johnson (11) . At least two independent complete hybridization experiments were carried out in each case, and the results reported below are the mean values.
RESULTS

Numerical analysis.
The 26 isolates clustered in a single phenon at a similarity level of 74% when we used the simple m,atching coefficient and the unweighted pair group method of association (Fig. 1) . The cophenetic value was 0.93959, antd the estimated test error was less than 3%. None of the reference strains (representatives of halophilic and, nonhalophilic species) clustered with the environmental isolates. Thus, our strains phenotypically constitute a homogeneous group. Characteristics of the 26 strains and the reactions of type strain F8-11 are shown in Table 1 .
Morphology. The cells were gram-negative short rods that were 0.7 to 0.8 by 2.0 to 2.5 pm. They were encapsulated, did not produce spores or sheaths, and occurred singly, in pairs, or in short chains. The cellular morphology and length, as represented by strain F8-llT, were greatly influenced by salinity; only small rods or coccoid cells were observed when the organism was cultured at lower-thanoptimal salt concentrations, and long cells and flexible filaments (0.7 by 15 to 18 pm) occurred when the total salt concentration was increased to 20% (wthol) (Fig. 2 and 3) . Elongated cells were also observed in old cultures. Incubation time did not influence cellular length and shape.
Growth characteristics. Colonies of the strains on MH medium containing 7.5% (wthol) salts were circular with entire margins, convex, smooth, glossy translucent, and slightly yellow to cream, becoming more mucoid after 2 to 3 days of incubation. Broth cultures were uniformly turbid. Optimum growth of type strain F8-11 occurred at a salt concentration of 5% (wthol) in MH complex medium and at 32°C (p = 0.92 h-'); growth occurred at salt concentrations between 2.5 and 25% (wthol) (Fig. 4) . Decreases in the growth rate occurred at lower or higher incubation temperatures; both the salt concentration which resulted in optimal growth of strain F8-llT and the range of salt concentrations in which the bacterium grew were affected by the incubation temperature (Fig. 4) . At 22°C the microorganism grew at salt concentrations between 2.5 and 20% (wthol), and a salt concentration of 5% (wthol) was the optimal salt concentration for growth; however, strain F8-llT grew only at total salt concentrations of 5 to 20% (wthol) when it was incubated at 42"C, and it grew optimally at a total salt concentration of 7.5% (wthol) at this temperature.
Strain F8-llT had a specific requirement for Na+ and Mg2+ cations. The minimal concentrations required for growth were 1.5% (wt/vol) NaCl and 0.4% (wthol) MgCl, . 6H,O. The C1-anion could be replaced by S 0 2 -, but not by NO,, Br-, or S,O,,-(29a).
DNA base composition. The G + C contents of the DNAs of seven representative strains ranged from 60.7 to 64.2 mol% ( Table 2) .
DNA-DNA homology. The levels of relatedness between labeled DNAs from strains F8-llT and F8-5 and DNAs from representative isolates ranged from 71 to 99% (Table 2) . No close relationship (levels of relatedness, 0 to 28%) was evident with any of the reference strains examined.
DISCUSSION
The 26 moderately halophilic strains studied in this work constitute a very homogeneous group, as shown by the results of numerical taxonomy, G+C content, and DNA-DNA homology experiments, which warrant their placement in the same taxon.
An initial phenotypic description of this group of strains was previously reported by us, and we tentatively assigned it to the genus Flavobacterium (22) . This genus was restricted to species with low G+C contents (31 to 42 mol%) (lo), whereas the G + C contents of our strains were higher (60.7 to 64.2 mol%). The only moderately halophilic species described in the genus Flavobacterium was Flavobacterium halmephilum. This organism appeared on the Approved Lists of Bacterial Names (27), but was included as a species incertae sedis in Bergey 's Manual of Systematic Bacteriology (10) . Recently, F. halmephilum was transferred to the genus Halomonas as H . halmophila (7) on the basis of its oligonucleotide catalog (33) and its redetermined DNA G+C content (7). Nevertheless, the results of our work show that our strains are not related to this species either phenotypically or genotypically; H . halmophila clustered at a phenotypic similarity level of 59% with our strains (Fig. l) , and the levels of DNA-DNA homology between this species and our isolates were notably low (0 to 9%) ( Table 2 ). The genus Deleya was defined by Baumann et al. (3) as consisting of straight rod-shaped organisms that are halophilic (specifically requiring added NaCl for growth), and aerobic, have poly-P-hydroxybutyrate as an intracellular product, do not have proteolytic, lipolytic, or chitinolytic activities, and produce involution forms under adverse conditions. These bacteria are found in saline environments, and the G+C contents of their DNAs range from 52 to 68 mol%. The characteristics of our 26 moderately halophilic strains are in close agreement with the characteristics given in the Data from references 2 , 3 , and 24 and from this study.
+, positive; -, negative; ND, not determined.
When supplied as the sole source of carbon and energy.
+, susceptible; -, resistant.
taxonomic description of the genus Deleya. However, the data which we present here separate our strains from the Deleya species described by Baumann (3) and even from D. halophila, the only moderately halophilic species in this genus (24) . The major distinctions between our isolates and the previously described Deleya species are shown in Table  3 .
A chemotaxonomic study of members of the family Halomonadaceae was recently performed by Franzmann and Tindall (6) . These authors concluded that there is no clear chemotaxonomic distinction between species of the genera Deleya and Halomonas and that comprehensive phenotypic and genetic studies of all species of the two genera should help clarify the taxonomic position these organisms.
None of the other halophilic and nonhalophilic gramnegative bacteria used as reference organisms in this study clustered with our 26 isolates (Fig. 1) . On the other hand, the representative strains used in the DNA-DNA homology experiments formed a very homogeneous group, with homology levels equal to or greater than 71%. In addition, low levels of homology were obtained between our representative strains and all of the reference microorganisms studied ( Table 2) .
The strains which we studied differ from strains of phenon B, which was recently described as Volcaniella eurihalina (21) , in many phenotypic characteristics, including oxidase activity, pigmentation, nitrite reduction, phosphatase, DNase, and P-galactosidase activities, gelatin and esculin hydrolysis, growth on cetrimide agar, ability to grow on different organic compounds as sole sources of carbon and energy, antibiotic susceptibility, and salt and ion requirements.
Nishimura et al. (17)
isolated an aerobic nonmotile coccobacillus, Mesophilobacter marinus, from seawater. This species differs from our isolates in several phenotypic features (acids produced from carbohydrates, growth at 5"C, indole production, methyl red test reaction, susceptibility to penicillin, and salt requirement), as well as in its lower DNA G+C content (44.0 to 46.9 mol%).
On the basis of our results, we propose that the moderately halophilic strains which we studied should be placed in a new species of the genus Deleya, for which the name Deleya salina is proposed. Table 4 shows some useful features for distinguishing D . salina from related moderately halophilic species. A description of this new species is given below.
Description of Deleya salina sp. nov. Deleya salina (sa.li'na. L. adj. salina, salted, saline). Cells are short rods that are 0.7 to 0.8 Fm in diameter and 2.0 to 2.5 pm long when the organism is grown in presence of 7.5% (wtholj salts; they commonly occur singly or in pairs. At higher salt concentrations, the cells are elongated filaments (15 to 18 pm or more long), and only coccoid cells occur at low salt concentrations. Gram negative. Nonmotile. Endospores or sheaths are not formed. Encapsulated. The cells accumulate poly-P-hydroxybutyrate.
Colonies on MH medium containing 7.5% (wthol) salts are circular with entire margins, convex, smooth, glossy translucent, and slightly yellow or cream. They are 1 to 2 mm in diamenter after 24 h and are more mucoid after 48 to 72 h. Growth in liquid cultures is uniform. Aerobic with a respiratory type of metabolism. Chemoorganotrophs. Catalase and oxidase positive. Moderate halophiles that are capable of growth at salt concentrations between 2.5 and 20% (wthol). No growth occurs in the absence of salts. +, positive; -, negative; ND, not determined. +, susceptible; -, resistant.
Optimal growth occurs in media supplemented with salt at a concentration of 5% (wthol) at 32°C and pH 7.2. These organisms show a specific requirement for Naf and Mg2+ cations supplied as Cl-or SO2-salts.
Some strains are capable of respiration on nitrate or nitrite but not on fumarate. They reduce nitrate to nitrite; nitrite is also reduced by some strains. Acids are generally not produced from carbohydrates. Indole, methyl red, and Voges-Proskauer tests are negative. No strain produces pyocyanine or fluorescein. Selenite is reduced, and urea, Tween 20, and The G+C contents of the DNAs range from 60.7 to 64.2 mol% (thermal denaturation method).
Isolated from hypersaline habitats, such as soils, salt ponds, and salt lakes, and from the sea.
(200 pg).
The type strain is strain F8-11 (= ATCC 49509), which was isolated from a hypersaline soil near the Mediterranean Sea coast near Alicante, Spain. The description of the type strain is the same as that of the species; it has all of the characteristics described above except the following: nitrite reduction to gas, respiration on nitrate or nitrite, and utilization of salicin and serine as sole sources of carbon and energy. The G+C content of the DNA is 64.2 mol% (thermal denaturation method).
